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INTRODUCTION 

ANALYSIS OF THE PROBLEM 

Pumping of ground water for imgation has resulted in a number of water 
administration problems in Idaho. A recent estimate placed the annual imgation pumpage 
of ground water from Idaho aquifers at 3.7 million acre-feet, a quantity approximately 
equal to the combined storage capacity of American Falls Reservoir, Palisades Reservoir, 
and all the other reservoirs on the upper Snake River (Ralston, 1968). Most of this 
development is located in the arid valleys of southern Idaho. In several of the basins 
combined artificial and natural discharge has exceeded recharge to the aquifer systems. The 
result has been a continuing decline of water levels as the excessive withdrawals are satisfied 
from water in storage in the underground reservoirs. 

The responsibility for administrative control of problem areas such as these has been 
given to the Director of the Idaho Department of Water Administration (IDWA). Under this 
authority, four areas in southern Idaho have been declared critical to restrict future 
development of the ground-water resource. In several of these areas, the present stage of 
development is excessive and water levels are continuing to decline. A number of water right 
holders from these areas have indicated that water levels are reaching a depth from which 
they feel it is economically impractical to pump water for their farming operations. They 
have asked the Director of the IDWA to denote the "reasonable pumping lift" for their area, 
and to  limit pumping by junior right holders to  maintain this lift. 

The responsibility of the IDWA is to utilize each of the legal tools provided by the 
State Legislature to effectively and fairly distribute water to its users. Thus, the Director of 
the IDWA has authorized this study of the feasibility of administering ground-water basins 
on the basis of reasonable pumping lift. He has also directed that, if possible, reliable 
estimates of the reasonable pumping lift for each ground-water basin should be calculated so 
that the water law as passed by the Legislature can be fully implemented. 

DUTIESOF THE DIRECTOR OF THE IDAHO DEPARTMENT OF WATER ADMINISTRATION 

The Director of the IDWA has been given the responsibility for administering ground 
water by the Legislature. The following excerpts from the Idaho Code outline these duties 
with respect to  protecting the rights of appropriators from depletion of the ground-water 
supply. 

42-226. Ground waters are public water.-It is hereby declared that the 
traditional policy of the state o f  Idaho, requiring the water resources of  this state 
to be devoted to beneficial use in reasonable amounts through appropriation is 
affirmed with respect to the ground water resources o f  this state as said term is 
hereinafter defined: and, while the doctrine of "first in time is first in right" is 
recognized, a reasonable exercise of this right shall not block full economic 
development o f  underground water resources, but early appropriators o f  
underground water shall be protected in the maintenance o f  reasonable ground 
water pumping levels as may be established by  the state reclamation engineer 
(Director of the IDWA) as herein provided. A11 ground waters in this state are 



declarcd to be the propcrr), of  the state, whosc d u t ~ ~  it shall be t o  supervise their 
appropriation and ullotment t o  those diverting the same for beneficial use. All 
rights to the use of  ground water in this state however acquired before the 
effective date o f  this act are hereby in all respects validated and confirmed. 

42-231. Duties of' the slate reclamation engineer (Director of the IDWA) I t  
shall likewise be the duty  of' the state reclamution engineer (Director of the 
IDWA) t o  control the appropriation and use of  the ground water of  this state as in 
this act provided and to d o  all things reasonably necessary or appropriate to 
protect the people of  the state from the depletion of  ground water resources 
contrarv to the public policl, expressed in this uct. 

4 2 - 2 3 7 ~ .  Powers of' tilc state reclamation engineer (Director of the 
IDWA). To supervise and control the exercise and administration o f  all rights 
hereafter acquired to the use o f  ground waters and in tile exercise of' this power 
he ma.p b y  summary order, prohibit or limit the withdrawal o f  water from any 
well during any period that he determines that water to fill any water right in a i d  
well is not there available. To  assist the stute reclamation ewgineer (Director of th6 
IDWA) in the administration and enforcement of  rhi.7 act, and in making 
determinations upon which said orders shall be based, he may establish a ground 
wuter pumping level or levels in an area or arras having u common ground water 
supply as determined bl; him as hereinafter provided. Water in a well shall not be 
deemed available to fill a water right tirerein if withdrawal therefrom of  the 
amount called for by such right would affect, contrary t o  the declaredpolicy of  
thi,r act, the present or future use of' any prior surface or ground water right or 
res~ilt in the withdrawing the ground water supplj~ at a rate beyond the reasonablj; 
anticipated average rate of  future natural recharge . . .  

The above statutes appear t o  provide two methods of determining whether a basin is 
fully developed: ( I )  by limiting withdrawals t o  the estimated average annual recharge, and 
('2) by maintaining reasonable pumping lifts. However, the two methods are not 
independent. The method of limiting withdrawals to the estimated average annual recharge 
should be used t o  determine if an area should be closed t o  further ground-water 
appropriation. The method of reasonable pumping lift should then be used to determine the 
point at  which mining of the water resource in the critical area must be stopped and the use 
of water by the junior right holders restricted. Thus. the two methods should be used in 
combination t o  effectively administer a ground-water basin. 

PURPOSE 

Although statutes pertaining t o  ground-water administration were adopted by the State 
Legislature in 195 1 and 1953, the sections regarding reasonable pumping lifts have not been 
used as o f  this date for admiriistering ground water. Neither the feasibility of determining 
reasonable pumping lifts nor the method of administrating a ground-water basin using a 
reasonable pumping lift have been evaluated in detail. However, reference t o  the statutes has 
been made in a number of recent court cases, and the continuing decline of the water level 
in some areas indicates that a method of controlling withdrawals in over-developed areas is 
now n~andatory  t o  maintain the rights of the prior right holders. 



The purpose of this study is t o  determine values of reasonable pumping lift for each 
ground-water basin in Idaho in which significant ground-water development has occurred or 
is likely t o  occur. The values determined in this study are t o  be preliminary and serve as a 
guide for determining the necessity of detailed studies in basins in which the pumping levels 
are approaching the range indicated by this study. 

METHOD 

reasonable 
problem: 

1 .  

2. 

3. 

4. 

The determination of reasonahlc pumping lifts is divided into its several interrelated 
problems. The problems are solved independently and the results are combined t o  estimate 
the reasonable pumping lift for e:icli basin. The objectives of this study are to obtain 

solutions t o  each of the following sections of the reasonable pumping lift 

T o  delineate the hydrologic boundaries of the principal ground-water basins in 
the state, and t o  delineate areas within these ground-water basins having similar 
cropping practices and yields. 

T o  estimate the capacity t o  pay for irrigation water of typical agricultural 
enterprises in each ground-water basin unit. 

T o  estimate the cost of pumping a unit of water as a function of pumping lift. 

T o  evaluate average irrigation water requirements under typical cropping 
practices for each ground-water basin unit. 

The evaluation of each of these four  objectives are presented in detail in the following 
sections of the report. The results obtained for each are combined t o  produce an estimate of 
reasonable pumping lift for each basin. The payment capacity per unit of water is calculated 
by dividing the capacity of the land t o  pay for water in dollars per acre by the irrigation 
requirement in acre-feet per acre. The payment capacity per unit of water (dollars per 
acre-foot) is compared t o  the cost of pumping an acre-foot of water as a function of 
pumping lift t o  determine a reasonable pumping lift for each basin. 

ASSUMPTIONS 

A number of assumptions were made t o  facilitate estimation o f  reasonable pumping 
lifts and t o  restrict the results t o  a usable range. These assumptions are basic t o  the solution 
of each of the separate problems delineated in the objectives. Other  assumptions required in 
the solution of particular problems are noted in the appropriate sections of the report. 

The following assumptions apply t o  each section of the study: 

1. The calculation of reasonable p impmg lifts is based upon irrigation usage of 
water. I t  is assumed that persons using water for other  purposes, such as 
industrial and domestic, can afford t o  pay more for each unit of water used. 

2. The  reasonable p imping  lift is based upon cost per unit of water being the 



limiting economic factor for an average or  "typical" irrigator in each basin. The 
irrigator can be considered typical in that he grows the types of crops ordinary 
t o  his area, has average yields, applies irrigation water in a reasonably efficient 
manner, and pays an average price for each unit of water he pumps. 

3. Administration of the use of ground water based upon reasonable pumping lifts 
is for the purpose of maintaining the water rights of the individual rather than 
maximizing profits on a community-wide scale (the general public). 

4. Hydrologic, geologic, and water quality aspects are not  the limiting factors in 
well yield or water usage. Among other considerations, this assumes that the 
aqulfer thickness is sufficient to &ow wells t o  obtain water at the reasonable 
pumping level for the area. 

DEFINITIONS 

1. Pumping Lift - The pressure, expressed in feet of water, against which the 
pump must operate. This is the sum of the lift from the well and any lift 
between the pump and the point of use. The pressure necessary to operate a 
sprinkler system is not included. 

3. Maximum Economic Lift - The maximum distance water car1 be lifted by an 
irrigator using his full capacity to pay. Maximum economic lift is variable 
within a basin depending upon the payment capacity, total pumping cost, and 
quantity of water used for each fanning unit. 

3. Reasonable Pumping Lift - The distance water can be lifted by a typical 
irrigator for an economically-sized cropping unit. The quantity of water 
pumped, the payment capacity, and cost per unit of water are those for an 
irrigator assumed to be typical of the area. 

4. Payment Capacity - The return after account has been made for all production 
costs except the cost of water at the farm headgate. 

5 .  Gross Income Ratio - The ratio of weighted average gross income per acre of a 
county or  basin t o  the weighted average gross income per acre of Canyon 
County. 

6. Regression Coefficient - The rate of change of the dependent variable with 
respect t o  a unit change in the independent variable. 

7. Y-intercept - Thc value of the dependent variable when the independent 
variable has a value of zero. 

8. Coefficient of Determination - The fraction of the variation in the dependent 
variable attributable to regression of the dependent variable on the independent 
variable or  variables. 



Standard Error of Estimate - The variance of the dependent variable given the 
independent variable. 

Consumptive Use (o r  Evapotranspiration) - The total quantity of water used 
by a crop and evaporated from adjacent soil with an adequate water supply at 
all times. 

Consumptive lrrigation Requirement - The consumptive use of the crop less 
any water supplied from precipitation during the growing season. 

lrrigation Requirement ( o r  Headgate Requirement) - That  amount of water 
which must be supplied at the farm headgate t o  provide for the consumptive 
irrigation requirement plus the application losses. I t  is evaluated as the 
consumptive irrigation requirement divided by an assumed field application 
efficiency. 

Field Application Efficiency - The ratio of irrigation water consumptively 
used by the crop to the total quantity applied through irrigation. 

Weighted Average lrrigation Requirement - The amount  of water requtred per 
acre, assuming that the land is planted t o  various crops in tho same proportion 
as those crops occur over the basin as a whole. 

PAYMENT CAPACITIES 

ASSUMPTIONS FOR CALCULATION OF PAYMENT CAPACITIES 

The price that an agricultural enterprise can afford to pay for the watcr it irequires is 
highly variable. The payment capacity is variable among basins, from farm to  farm within a 
basin, and even from year to year fbr an individual farm. An optimum rnethod of analyzing 
data with this degree of variability, at  least from the administrator's point of view, is t o  
analyze the budgets o f  enough existing farms in a basin to calculate a statistical distribution 
of payment capacities. This method would allow an administrator t o  know the percentage 
of farming operations affected by choosing as typical a particular value of payment 
capacity. However, this method requires a great deal of data. most of which is not readily 
available. An alternative method of analyzing payment capacities is t o  remove the variability 
by making assumptions that limit the range of the result and by using average or typical 
values for the basin. This latter method was chosen for this study because of limited data 
availability. The  following assumptions were made t o  limit the range of the result and 
provide a common basis for evaluating payment capacities: 

I .  Payment capacities should be related t o  the ability t o  pay for water of a class 
of typical water users in each basin. The  typical irrigator grows the crops most 
common to the area, with average yields, and average production costs. 

2. I'aymcnt capxi t ics  arc b;iscd upon economically self-supporting units having 
enough croppcd acreage o r  ;mima1 production enterprises t o  provide full 



employment  for  the Family. This  assumption is necessary t o  avoid confusing 
the  results with data  for  pleasure and hobby farms t o o  small to  be considered 
economic by themselves. 

3. Payment capacities are based upon costs of providing a l 'i~ll water  supply. This 
assumption is necessary because some farms use ground water as a source of 
supplementai water. T h e  value of the supplemental watcr can not  be 
adequately detcrnmined using the  same methods  as those used for determining 
the  valuc o f a  full water supply. 

4. Payment capacities are calculated assuming that crop prol l~lc t ion is no1 possible 
wi thout  irrigation. N o  deductions are made from the gross farm income for  
income possible wittiont irrigation. 

5 .  Money invested should reccive a reasonable interest return commensurate with 
the  risk involved. Interest  o n  investment is a valid charge against any enterprise 
because capital, if invested eisewhere, could be drawing interest. A return t o  
management and compensation for  family Izibor arc also valid charges against a 
farm enterprise. 

6. Increased profits resulting from pumping from levels above the  reasonable 
pumping lift are n o t  av;~ilable in succeeding years. 

7. Paymcnt capacities are those for  the better land classifications in each basin. I t  
i s  'tssurned . . that  the  poorer lands will n o t  support  an economic farming unit  
wi thout  a substantial increase in farm size. 

FARM BUDGETS 

The  capacity of each basin t o  pay for  irrigation water was estimated using recently 
published estimates of the payment  capacities for  farming operations in seven areas of 
Idaho. These estimates were adapted t o  o the r  basins fo r  which payment  capacities have no t  
been recently estimated by assuming payment  capacity t o  be related to  the over-all 
productivity o f  the  basin. This  short-cut method was used instead of a detailed farm budget 
economic analysis for  each basin because: (1 )  the data  necessary for  a farm budget analysis 
for  each basin is no t  readily available, and time and expense make gathering of sufficient 
data fo r  an adequate analysis of each basin impractical, ( 2 )  payment  capacities determined 
by budget analysis methods are variable for  an area depending upon  subjective input  values 
such as farm land values, interest rates, crop rotations and yields, machinery expenses, and 
return t o  management.  This variability prohibits a precise determination of payment 
capacity by any method for  even one  farm size. 

Payment capacity estimates were talteri fronm U. S. Bureau of Reclarnation (USBR) 
project reports for  the following five areas of idalro: East Greenacres (Kootenai County) ,  
Salmon Falls (Twin Fails County) ,  Challis (Custer County) ,  Lower  T e t o n  (Frernont and 
Madison counties),  and Bear River (Bear Lak., and Franklin counties). These reports include 
payment  capacities calculatecl for  family-sized irrigation operations typical of those that 
exist in each Lirea o r  I y p u l  I I I   tho^ that wcrtild he developed in each area if a d e o l ~ a t e  



irrigation water were available. The  payment capacities were calciilated using a standard 
farm budget analysis that included allowances for family labor return, interest on  
investment, and in most studies, a return to management, Data for the studies were obtained 
by interviewing operators of existing fanns in the area and operators of  irrigated farms in 
similar irrigated areas. A payment capacity meeting the requirenients outlined in the 
assumptions of this report was selected from each study. 

The  selecled payment capacities are listed in table I .  It should lhc ernplmized that each 
of  these payment capacities arc the end result of a farm budget analysis performed by 
various individuals. Each budget was developed for a hypothetical enterprise that the LISBK 
investigator felt would be reasonnble and typical of  those that  would exist if the reclamation 
project came into being. Thus, many factors such as ir~tcrest rates, Pamily income. farm size, 
and return t o  management are not standardized in the various analyses. The  fact that most 
of these items are not  standardized can be rationalized by assuming that the investigator 
used values typical for the area. However, the returns t o  management allowed are extremely 
variable between the budgets and is, in fact, omitted from several of the analyses. A 
standard rate for management charges is difficult t o  establish because farm managers are 
usually the fami operators and d o  not  allow themselves a fixed management salary 
(Lindeborg. 1970).  Management services are available in ldaho  at a rate of approximately 5 
percent of the gross farm receipts. Thercibre,  t o  make the payment capacities as nearly 
comparable as possible, the  return t o  management was adjusted to a standard 5 percent of  
the gross farm income. T l ~ i s  adjustment results in the adjusted payment capacity listed in 
column 10  of table 1 for each project. These payment capacities are used as a basis for 
estimating payment capacities for  these and other  irrigated areas in ldalio. 

The  Agricultural Economics Department of  the University of  ldaho has conducted a 
nuniber of studies concerning the capacity of farming operations t o  pay for irrigation water. 
The  payment capacities of three sizes of farming operations were calc~ilated for the Oakley 
Fan area of  Cassia County (Cheline, 1968).  Computer  methods were used t o  optimize crop 
rotations for  maximum returns using a linear programming technique. Data were obtained 
from personal interviews with farmers in the area. The results of this study arc listed in table 
2 including details on  type of  enterprise, farm size, and return t o  management. The  payment 
capacity of  the larger farms (600  acres) was found t o  he approximately double that of  
smaller units ( 2 0 0  acres). 

The  Agricultural Econonrics Department of the University of Idaho also studied the 
payment capacity of four areas in southern ldaho (Lindeborg, 1970). Each of  the studies 
were for recently developed areas located along the Snake River. The  areas studied were Dry 
Lake in Canyon County ,  the Minidoka area near Rupert,  an area near Twin Falls, and the 
Oakley Fan  area south of Rurley. Data for the  studies were obtained from interviews with 
the farm operators in each of  the areas dunng  the period 1962-1967. Most of the results 
reported in the study are for larger farming operations (320-640 acres): however, payment 
capacities for 200-acre farms wcre reported ibr  the Oakley Fan area. Payment capacities for 
200acre  farms in the Dry Lake area can be estimated from those listed for the larger farm 
sizes in the Dry Lake area. T h e  payment capacities for  the  larger Varm sizes were the only 
values listed for Minidoka and Twin Falls areas and are not  comparable t o  those for the 
smaller acreage farms. 







L.~iiiieborg's inetliod was t o  calculate tlie "tiiarginal V O I U C ,  p r i d u c t "  for tacli  L I L I L I C ~  
increment of water  used dur ing t h e  product ion o f  an  optirnal  crop ro ta t ion  for each arca. 
"Marginal v:iltrc product" was defined by Lindeborg as  " the  value o f  t h e  increase in o u t p u t  
ohtaii~eci  by adding an  addit ional  acre-foot o f  water t o  a fixcd a m o u n t  o f  otlicr 111-odtiction 
Si~iTors" (Lindeborg.  1070 .  p. 4). Tliii was assumed t o  he tlie price that  could he  paid for 
tha t  increment o f  watcr. Because a finite quan t i ty  o f  water is reqilircd for production and a 
narrow range o f  vnlues for the  price o f  water  is needed for administrat ion.  L.intlchorg 
averaged t h e  marginal value products  u p  to the  quan t i ty  o f  water  required t o  grow tlie c rop  
ro ta t ion  a t  C10 percent ficlil applicatioii efficiency. T h e  value t h u s  reported can be taken as 
tlie paynient c;ip;icity for a n  optiiiial c rop rotation.  l i e  repeated the  calculation fo r  several 
kirrii sizes l o  e~ t i i i i a t c  llw effect  o f  farm sire u p o n  payment  capacity ( w e r a g e  tiiarginal value 
product) .  T h e  rcsult5 fo r  Dry Lakc area ;itid Oakiey F a n  are listed in tablc 7 .  T h e  p;ryment 
capacity fo r  tlie 200-acre f i r m  i n  Dry Lake was est imated from tlic values prescntcd by 
Lindeborg for 1111. 3 2 0  and 6 4 0 - x r e  Sxnis. assuming economies  of size t o  be tlie saliii, as fo r  
the Oahlcy Fan .  Also listed in tahlc 2 are average irrigation requirement and return t o  
inariagcmcnt lo r  eacli f;trni budget.  T h e  payment  capacities were pitblislied in tei:iiy o f  
i!oll;~rs per acre-fool of water  used, and were converted t o  dollars pe r  acre ;IS shown in taijle 
2 .  Tiic adjusted paytiieiil capacity listed i t ?  co lumn 8 was ohta ined by altering the  retiirn t o  
inatiagerneiit t o  the standard 5 percent o f  tile gross h m i  incolne used in this report .  

Allliougii llir iiietiioiis o lca lcula t i i ig  payment  capacity used hy the University o l  Icldio 
ii tlil'kretil tliaii the  rnctlroil used by the  Bureau o f  Reclamat ion.  the  results appear  t o  hu 
iiriiilar- wiieii compared on a standardized basis. Estimates oC payincnt  c a p x i t y  fo r  similar 
f:iriii 4 i c s  ;iiiowiiig similar ratcs of return t o  management  should lie comparable.  Tlie mtly 
tliiplicatioii by  tiic l w o  irgencies are the  Oakiey Fan-Salmon Falls areas. Ilecaitsc the crops ,  
cl imate.  t~iid soil5 o f  thcsc areas are similar, payment  capacities should he comparahlc .  T h e  
x l j i~s t c i l  11aytiieiri capacity for the  200-acre farm in the  Oakley F a n  as  calculated by 
ILiiideborg ( t ah ic  1) is $27.00 per acre. T h c  adjusted payment  capacity l b r  the  300-asre farm 
i n  tlic Saliiiori Falls area as calculated by t h e  Bureau o f  Reclanlation ( table  I ) is 52'1.00 per 
Licre. Tlius. tlic r t w l t s  obta ined by t h e  t w o  agencies do  appear  t o  be comparable.  

l ' iic ixiyiiient capacities as  calculated by the Bureau o f  Reclamat ion for llie Challis. 
Bc;ir Lake. and  East Greenacres  projects were fo r  7 5  t o  I l O h c r c  farms ( t a i ~ l e  I ) .  T h e  
Ii;!yincnt capacities for the o t h e r  areas are fo r  1 5 0  t o  700-acre farms. Tile increased payim,nt 
capacity o f  largcr acreages noted by Clieline and Lindeborg w o ~ ~ l t l  appciir t o  rriake 
cor~ipar ing llie payment  capacities o f  the  smaller farins t o  tha t  o f  the  r r  itiriiis 
~ inreasonablc .  Howcvcr,  t h e  budgets o f  tlic sni:iiler l'arrns include livestock enterprises:  wliilr 
the  budgets o f  the larger farms incliiile only  c rop  entcrpriscs. T h e  livestock opcr;ition rillows 
fitll cmploy~ i i e i i t  O F  tlic farm family t o  increase the gross income for tlic f mi. I 'liis makes  
(lie payment  c:ip;ii.ilies more  directly comparable  than an acreage conip"son suggc5ts. 

ESTIMATION OF PAYMENT CAP.4CITIES 

Lhla Availability - t'aymcnt capacities for tiic areas described above varied from $5 .50  
t o  $45.00 pe r  :me. A review o f  t h e  ciiaractcrisiics which influence productivity o f  these 
hasiiii reveal v a r i a t i i r s  in c l imate ,  elevations, lengths o f  growing seasons, soils. and c rop  



rotations. Each o f  these factors has an effect  o n  payment  capacity and might be used t o  
e s t i n ~ a t e  payment  capacities. However,  gross income pe r  acre reflects each o f  these fac tors  
and is a bet ter  e s t i n ~ a t o r  than any single characteristic. Th i s  relationship is used in this s t ~ ~ d y  
t o  es t imate  payment  capacities fo r  those basins fo r  which payment  capacities have n o t  been 
recently calculated.  This  approach simplifies da ta  collection because da ta  fo r  the  income 
side of a farm budget  analysis is less detailed and m o r e  readily available than data  fo r  the  
cost  side o f  t h e  budget. 

Data ih r  determining gross farm income are  available fronr several published sources. 
C r o p  yield data  are  available by coun ty  o n  a yearly basis fo r  potatoes.  wheat ,  and barley 
f rom the  Statistical Repor t ing Sewicc.  USDA. T h e  data  reported included acreage planted,  
acreage harvested, a n d  I l a ~ e ~ t c d  yield. lnforrnat ior~ is n o t  available o n  a county-wide scale 
fo r  e i ther  distr ibution and range o f  yield o r  average prices received. Average yields fo r  o t h e r  
crops  are reported o n  a state-wide basis by t h e  Statistical Repor t ing Service. Prices fo r  all 
c rops  are  repor ted  as  state-wide averages. T h e  Census  o f  Agriculture, taken a t  5-year 
intervals, has acreages and total yields by count ies  fo r  each principal irrigated crop.  T h e  
mos t  recent repor ts  are f o r  t h e  1 9 5 9  a n d  1964 c rop  years. T h e  average prices received f o r  
products  are no t  presented.  T h e  USBK repor ts  the  average yields and prices received fo r  
agr ic i~l tura l  products  o n  each o f  its irrigation project developments  annually. Da ta  are 
available fo r  eleven project  areas in Idaho. Also included in t h e  LJSUK da ta  are es t imatrs  o f  
average gross incornc per acre fo r  t h e  project areas. 

T h e  d a t e  used in calculation o f  the  gross income per acre was chosen t o  provide 
consistent  est imates from c o u n t y  t o  coun ty .  O f  the  d a t a  sources available, the  average yield 
data  provided by thc  Census  o f  Agriculture is most  complete .  Yield avcrages are  obta inable  
f o r  every impor tan t  irrigated c rop  excep t  pasture fo r  each coun ty  in I d a h o  for t l x  years 
195') and 1964.  T h e  average yield data  f rom the  I 9 6 4  census  were used in conjunct ion wi th  
average prices received per uni t  o f  c rop  as  obta ined f rom averaging t h e  state-wide annual 
c rop  prices repor ted  by t h e  Statistical Repor t ing Service fo r  the  years 1%4-69. Prices f o r  
several crops  were n o t  available f rom this source a n d  were est imated f rom the  o t h e r  data  
sources. 

Calculation o f  Cross  i n c o m e  Ra t io  - T h e  average gross income per acre for each 
coun ty  wi th  irrigated acreage in I d a h o  was calculated by obta in ing the  total  dollar  value 
resulting f rom the  product ion o f  principal irrigated crops. T h e  crops  used were silage corn.  
groin corn ,  wheat ,  oats.  barley, alfalfa, pota toes ,  d r y  beanh, dry  peas. and sugar beets. T h e  
total dollar  value o f  these crops  fo r  t h e  coun ty  was divided by the  coun ty  acreage in these 
crops  t o  give an werage  gross income per acre. T h e  resulting value was placed in ra t io  t b r n ~  
by dividing it hy the gross income pe r  acre o f  C a n y o n  Coun ty .  

A graph o f  payment  capacity versus gross income pe r  acre rat io (fig. I )  was obta ined 
by plott ing the  ~ J j u s t e d  payment  capacities listed in tables I and 2 ,  vcrsus the calculated 
gross inconre r ; ~ t i o  for an  appropr ia te  coun ty .  T h e  r e s ~ ~ l t i n g  curve was used t o  es t imate  
payment  capacities f o r  o t h e r  count ies  for which t h e  gross income ratio was known. T11r 
paynient capacity for a coun ty  was  then used as a basis f o r  est imating the  payment  capacity 
for a similar ground-water basin. T h e  gross income ra t io  and payment  capacity fo r  ex11  
irrigated c o ~ ~ n t y  are listed in table 3. along wi th  the  ground-water  basin of which the C O L I I I ~ Y  

is considered t o  he typical. 



FIGURE I .  Relationship between paynient c :pci ty  for water :rnd the relative producliviry 
of fnrniing areas 



Gross cross ~ s t i m a i o d  
Income Irlcnnle P a y s a r i  

~ain N ~ E  county per  hcre ~ a t i o  c a p a c i t y  - 
Slhcre  $/Acre 

Weiser River IYashiniiton 128. 0 . 7 7  25. 

N.P .  Paye t re  Val lcy  56. 0 . 3 4  8. 

Garden Vuiloy,  S t a n l e y  U u i n  Uoiiri 41.  0 . 2 5  7.  

I 'ayotie Payotlo 92.  0 . 5 5  14.  

IPnyetie Goin 86.  0 . 5 2  1 2 .  

Boise Coilyon 166 1.011 45 

Baisc Ada 96. 0 . 5 8  15 .  
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nized that some care is necessary in applying the payment capacities as 
payment capacity or the ss income ratio for a county may not be the 

same as that for a basin within the coun For example, Custer County includes several 
nd-water basins. It inch 
le to lower elevations, 
tions. It would notbe 

ould include the effects 
Therefore, it was necessary to use j ratios that are 
representative o f  the basins to which the are counties which 
only one basin. For these, the payment capa e ratio as calculate 
the county are a good average for the basin. 

There are a number o f  instances in which payment capacities or oss income ratios for 
adjacent counties differ eatly. For instance, the large variation tween the payment 
capacity for Canyon County as compared to  Ada County can b plained in part by 
differences in soh;  however, part  o f  the difference must be due to ring fa rm sizes and 

rnalier fanns  in Ada County do not support the n ary specialized 
er value crops. An additional factor is that the ss income ratio 

does not reflect income from animal enterprises or pasture land. If the data  were available so 
that these could be included, the payment capacities might be altered. 

ates o f  payment capacities soul be improved by addit al sources o f  data. If 
ailable for basin units rather t n county units, the jud nt factor required in 

selecting a county which is representative o f  a given ba uld be eliminated. If values for 
prices o f  crops were available for counties instead o f  o te-wide basis, the 

be different. There is no way at the present reliable estimates o f  
e prices paid for each o f  these ten crops during the y county or basin. The 
rice variation da ta  readily available are for the differences in shippin 
als. The most recent data  for yields were for 1964. It should be redi 
p rotations and htroduction o f  new crop v&eties may have ca 

payment capacities for various counties, For instance, new varieties o f  wheat and a l fa l f a  
have increased the expected yields Counties in which feed crops are 

e with those growing cash cr 
be updated periodically as n 

refinement cod in the estimates o f  payment capacity by 
tional base pay to increase the reliability o f  the c u m  in 
nt capacities calcu ecidly to establish this curve 

methods on aa could provide a "otter basis 
the base payme be for a single size, and livestock 

operations would not be conside stable economic c o d  under which the 
ayment capacities were es the reliability o f  m comparisons such 

as that made in figure 1 .  

aytnent capacities for each basin were estimated to  the nearest dollar from the c u m  
1 .  Although the reliability o f  the data used to develop re 1 does not warsant 

ee o f  accuracy, it was felt that roundin should be delayed until t 
avoid multiple rounding errors. 



uring the past decade, a number of studies have been conducted to determine tile 
cost of pumping irrigation water. Several articles have been written especially for Idaho 
conditions as a result of research contracts between the University of ldaho and the Ldalio 
Department of Water Administration. Those studies which have results that are dircctiy 
applicable to the reasonable pumping lift study are summarized below. 

ANALYSIS OF COST BY ITEMIZING 

The cost of pumping water in the Oakley Fan area near Burley was studied by 
in a companion thesis to that of Cheline's on payment capacities ( aynes, 1969). He 
collected field data o n  pumping system costs and irrigation practices from twenty-two farms 
in the area. Using a computer program, Haynes determined the cost of pumping water for 
200, 400 and 600-acre model farms for a number of irrigation efficiencies. The number of 
wells on each size of farm was also a variable. The pumping costs wcre based upon 
electrically-powered systems and included both fixed and variable costs. 
indicated that the cost of pumping increased with the number of wells used per l'ann. The 
rcsults also showed that a change from 50  percent to 65 percent in field application 
efficiency can resuit in a large change in the cost of pumping. Haynes combined his cost 
results with the payment capacities presented by Cheline t o  determine the range of 
economic lifts for each farm size. These varied from 389 feet to 437 feet for the 200-acre 
fami, depcnding upon field application efficiency; the range in lift varied from 670 feei $0 

8 9 4  feet for the 400-acre farm, depending upon efficiency and the number of wells used. 
His results for a 60Oacre f a m  indicated a range from 767 to 1,081 feet depending again 
upon efficiency and the number of wells used. 

Dickerson, Larsen, and Funk evaluated pumping costs from wells in Kansas (Dickerson. 
Larsen, Funk,  1964). Their data, obtained from well drillers, retail pump companies. and 
irrigators, were for systems of less than 3 feet total lift used for supplemenial water 
supplies. The pump systems studied were powered by either natural gas, liquified petroleum 
(L.P.) gas, or  diesel fuel. Charts giving total annual costs per acre-foot pumped versus total 
pumping lift and annual hours of  operation are presented for  each fuel type. Thcse costs are 
related l o  expected increases in crop returns due to irrigation lo obtain reasonable pumping 
lifts. Although the unit pumping costs given on the charts are not strictly applicable t o  
Idaho. the results d o  emphasize the importance of maximizing annual pumping hours. 
Although each added increment of operating time has successively less cifect, tile number of 
pumping hours is shown t o  be one of the most significant factors determining unit pumping 
cost. Their results also indicate considerable diFference in cost depending upon fuel typc. 

A study by Chen and Long of the cost of pumping irrigation water in New Mcxico 
indicated that the volume of water pumped intluenced the cost per unit of water more than 
ill? type of power used o r  the magnitude of lift; however, their study included only a 
narrow range of iifts ( 6 4  t o  102 feet). Data were obtained by interviews wit 
of 31 farms who operated 5 2  wells. Their results indicated that the cost of pumping water 
ranged from $33.92 per acre-foot for wells pumping less than 50 acre-feel per year to 64.i.3 
per acre-foot for wells pumping more than 200 acre-feet per year for the wclls studied (CIrt~i  
iind Long. 1965). 



ANALYSIS OF COST BY STATISTICAL METHOW 

Von Brrnutli  studied p i m p i n g  costs for  irrigation watci-, using a s t a t i s t i d  corrclation 
procedure ( V o n  Bernuth,  1%')). Data  for  his s tudy were obtained from publicatioris and 
previous surveys of wells located in five wcstcrn statcs. Data were ga t l~cred  for  wells with 
pumps powcred by both clcctricity and natural gas. T h e  total pur?rpi;rg lift for these wells 
varied from 15 feet to  nearly 600 feet. a ta  gathered irrciucied lift, discharge, p u m p  
horsepower, annual operating iiuurs. volume pusnpcii,, and total invcslines~t as indepcnderit 
variables, and total  annual costs per acre-foot and annuiil variable costs per acrc-root as 
dependent  variables. ilsing a step-wise multiple rcgrcssiorr technique. the relative effect of 
each indcpendcnt variable o n  each tici:endent variable was deterrniired, Data fhr the 
electrically-powered wells were analyzed separately from that  for  the natural-gas powered 
pumps. Regression equat ions  were developed t o  estimate cacl? of the dependent  variables 
using selected combinations of the iudependent viiriablcs. 

Von Bernuth devetoped five equations fo r  determining total annual costs of pumping 
from wells using electricity. T h e  coefficient of deierminaliori for  tllcse equations varied 
f rom .X7 t o  . X 9 ,  indicating tha i  the equations accounted for  87 t o  89 percent of variation in 
costs. These equations,  along with the coefficient of determination and standard error o f  
estimate for  each, are shown in table 4. l t  slroitld be noted that  scvcrai of the  equat ions  
lraving only a fcw v3riables are nearly as accurate as the more complex eqiiations. Thus ,  
these equations have the  advantage o f  allowing costs to  be determined without  collecting 
data for each iicin involvcd in the  totcil cost. 

Von Bernuth's correlations indicated tha t  the most significant factor determining total  
annual cost was iiivestincnt divided by volume pumped ,  o r  dollars ivrvested per acre-foot; 
and t h a t  the most significant factor affecting variable (or operating) costs  was lift. Judged 
by simple correlation coefficients, the following variables. listed with their simple 
correlatioir coefficients, were most interrelated to  total  pumping cost: investment divided 
by yield (0.9 18), ope]-ating t ime (0.  95), lift (0.458), and volume pumped (-0.451). I!<, 
concluded that his equations should be useful for  estimating costs. 

ASSUMPTiONS FOR L3ETERMIFIING 

T h e  cost o f  pumping water can take a wide rangc o f  values for  aiiy given value of lift 
hecause o f  the effect o f  o the r  variables. ecause the effect of lift o n  total  pumping costs is 
the goa! of this portion o f  the s tudy ,  it  is necessary t o  make some initial assumptions t o  
litnit the resulls t o  a range usable fo r  administration o f  water rights. T h e  following 
assumptions are intended to he related to  m i l  complementary t o  those made in calculating 
paymcnt  capacity. 

1 .  Pumping costs should be represenlaiive of those for  wells supplying 
ccononric-sized farming units. C o s t f o r  wells o n  srnaif acreages o r  wells used 
supp1emeni:ally should no t  be used. This  assumption is necessary because of the 
large variability in unit  pumping costs clue to  volume pumped. 

7 .  Pumping costs should be based upon  supplying the full irrigation requirement 
o f  typical crops  grown in the basin a t  some reasonabie i r~ iga t ion  efficiency. 



EQUATIONS TO PREDICT TOTAL IRRIGATION PUMPING COSTS 

AS DEVELOPE BY VON BERNUTH 

(after Von Bernuth, 1969) 

Eqn. 
No. Equation 

Standard Error 
Coefficient of of  Estimate 
Determination (#) 

I = Total annual water cost divided by well yield (#/A-F) 

L = Total lift in feet 

I = Investment cost divided by well,yield (#/A-F) 

E = Product of lift and discharge divided by nameplate horsepower 

F = Product of lift, discharge, and operating time 

Y = Total water yield in acre-feet per season 

P = Product of lift and discharge 

Q = Discharge rate in gallons per minute 

T = Annual operating hours 

H = Nameplate engine horsepower 



This assumption is also necessary because of the variation in costs due to  
volume pumped. 

3. Pumping costs shoui be based upon a sin well supplying water to a main 
headgate for surfac irrigation. Costs arisi from distribution of the water 
beyond the main headgate are not uded in the pumping cost value because 
they are included in the farm bu ts used to estimate payment capacity. 
Surface inigation was chosen because most of the payment capacities were 
based on this method of application. Also, the increased application efficiency 
of sprinklers tends to offset the increased investment and operating costs. 

4. Pumping costs should be based upon electrically-powered pumps. Although 
there are other types of power used to pump water in Idaho, 
electrically-powered pumps predominate. 

umping costs should be based upon the total water costs, not merely the 
or variable costs. The total cost will include depreciation and interest 

charges that are not always considered by owners but are necessary for a 
continuing operation. 

6 .  The relationship between pumping costs and lift is not dependent upon the 
location of the well within the state. This assumption is necessary to  allow data 
collection on a state-wide scale rather than a basin scale. A comparison of the 
unit pumping costs calculated in this report for the various areas of the state 
supports this assumption. 

The short-cut method of estirnati costs using key variables developed by Von 
Bemuth was selected for use in this st because of data collection difficulties and the 
desirability of calculating a statisticall d sample. Utilization of any of Von Bemuth's 
regression equations requires the usa of imilar to that from which the original equation 
was derived. Differences indicated by any of several statistical measures could cause the cost 
estimates to be in error. Several groups of data were collected to test the validity of using 
Von Bemuth's equations on data other than those used in deriving the equations. Data for 
five wells were obtained from the oise District Office of the ureau of Land Management 
(BLM). These data included all o the information required estimate costs using Von 
Bemuth's equations No's. * and 4 for electric ly-powered wells (table 4). Estimated 
annual pumping costs as c ulated by a standard LIM procedure were also included in the 
data gathered. The LM procedure for est 'ng pumping costs is similar to the itemizing 
procedure described by Dickerson, Larsen Funk, 1964. Von Bemuth's equation No. 4 
was used to estimate pumping c sts, and the resultin stimate was compared to  the BLM 
estimate for the same well. reement within 10 rcent was noted for each of the 
comparisons (fig. 2). It should be emphasized that the BLM cost values required assuming 
pumping time, power rates, and efficiency, and were only estimates of the true costs paid by 
the well owners. 
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FlCURE 2. Comparison of  water cost estimates obtained using the Von Bernuth short-cut 
method to water cost estimates for the same system obtained by an itemizing 
procedure 



As ;I second check on tlie validity o f  using Von Bernuth's statistically-derived 
cquations. the pumping cost values ohtained by Haynes for the Oakley Fan (Haynes. 19hO) 
wcre recomputed using his data in  Von Bernuth's equation No. 4. The annual costs obtained 
by Haynes from itemizing costs for various systems ranged up to 14 percent higher than 
costs for the s ~ m e  system calculated using equation No. 4 (fig. 3). Part o f  this vx iat ion i s  
due to the inclusion o f  annual costs for concrete head ditches. siplion tubes. and land 
leveling in the values calcul;rted by Haynes while these costs were not included in the 
estimate obtained using equation No. 4. The greatest variation between the costs obtained 
by tlie two methods were for very high l i f t  systems (800 to 1.081 feet). Better agreement 
was indicated for the lower lifts which are more commonly encountered. 

Because power rates, interest rates, depreciation rates, and other cost influencing 
factors are variahle. a better agreement hetween tlic estimates obtained using Von  Bernuth's 
equation No. 4 and those obtained by an itemizing procedure could not he expected when 
using a single equation to calculate costs for pumping in all areas o f  the state. Therefore. 
Von Bernuth's equation No. 4 was used t o  estimate total annual water costs in this study. 

DATA ACQUlSlTION 

Data for wcll and pump characteristics are available from several sources: pump retail 
companies. wcll drillers, departmental records, and well owners; however. tlie well owner i s  
the only source o f  data on the actual details o f  well operation. Because operating hours and 
volume pumped are such key factors i n  determining costs, a niethod o f  collecting data 
directly from tlie wcll owner was used. Questionnaires requesting the data needed fo r  
calcul;iting pumping costs using Von Bcrnuth's equ;ltion No. 4 were mailed to 
;ipproximately 500 well owners. Names were oht;iined from well driller's logs on file wi th 
the IDWA for wells drilled since 1Qh5. Corrected addresses were obtained from licensing 
applications on these same wells. Data for recently drilled wells were requested so that the 
investment values would represent current replacement costs. A total o f  105 us:ible 
questio~inaires were returlied. Many others were returned, hut  lacked some o f  the necessary 
information. Follow-up letters were sent to clarify doubtful information. 

Several methods were used to estimate the accuracy o f  the reported data. The volume 
in acre-feet per acre that would he applied to the l i l r i i l lmd using the data reported was 
compared to the irrigation requircment for alfalfa for the area (fig. 4). Many o f  the reported 
use valucs were lower than the expected requirement. This i s  possihle either hecause o f  
applicatioli efficiencies being better than assumed, all crops not  being alfalfa, or the well was, 
heing used as a supplenient;tl supply. Many o f  the points for which the rcported acre-feet 
pt'r acre use w:is higher than the expected irrigation requirement were for areas o f  coarse soil 
and m;Iy x t u a l l y  be necessary. However. i t  i s  likely that part o f  the variation o f  the 
rcported water u w  from tlie expected water use i s  due to inconsistencies in  the repol-ted 
h t a .  rl~e reported water use was calculated using data ('or pump discharge, hours pumped 
annually. and irrip:ited acreage. The acreage values are prohahly accurate; however. the 
irrigator prohahly rellds to overestimate the pump discharge and the annu@ hours o f  use. 
T h i ~  overestiniatc of '  blic yield o f  the system biases the result by making tlie cost per 
;~cre-I'oot pumped ;IS caIculated by the Von  Bernutli equation lower than actually exists. 
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FIGURE 3 .  Comparison of water cosb calculated using tbe Von Banuth ahortat method 
to those for the same systems calculated by Ifrynes by itemizing 
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Another method used to check the accuracy of the data was the comparison of the 
reported horsepower of the pump to that required to  lift the reported discharge through the 
reported lift, assuming a reasonabli efficiency (fig. 5). Again, considerable variation exists 
between expected values and calculated values. Part of the variation is due to  the use of the 
single efficiency of 60 percent and the use of the same increase in lift for every sprinkler 
system. Past of the variation is undoubtedly ue to  inconsistencies in the reported data. 

As a final check, the reported investment costs were compared to  expected prices 
obtained from retail pum companies and well drillers. Although these checks are only 
general they indicate that the data, as a w ole, are reasonabie. The questionnaire data was 
used as reported in dl1 c a m .  

A cost per arre-foot was calculated for pumping from each of the wells covered by the 
questionnairm usilig \Jon aation No. 4 for electrically-?owered wells (fig. 6). At 
any given lift, a wide rang e noted. Cost results as presented in figun: 6 have 
been divided into acre-feet pumped annually. It can be seen from this 
figure that costs per acre-foot decrease with volun~e pumped. 

1f it assumed that the returns represent a random sa le of data for wells in Idaho, the 
costs should be good estimates of the cost of pumping j ion water in Idaho. 

The large range of costs that appear in fi re 6 for each lift is the resul 
two major factors: pumping time per se;;on nd initial investment. Von 
development of his equation No. 4, idcd the cost factor into two main groups: fixed or 
overhead costs and 'variable or ope g costs. The varia ity of these costs with pumping 
time per season is important in e ning the range in results. As urnping volume per 
season increases, the fixed (overhead) costs tend to  decrease per unit of water pumped 
because the costs are spread over more units of water. The variable (operating) costs remain 
approximately the same for each unit. The result is an over-all decrease in the total unit 
pumping costs as the vo l~~rnc  pumped increases. This trend is intensified by power company 
contracts which specify a minimum yearly power cost up to  a specified minimum number of 
hours and by rate schedules which reduce power rates as more electricity is used. 

A well arid pump system that is properly desi ned to  produce the required volume of 
water for a farm will have a maximum number of pra t ing hours per season. The number 
of operating hours per season will de end upon the length of the owing season, the 
availabgity of reservoir storage, the axirnum irrigation demand r , and the excess 
capacity desired for insurance in case of puan 

The other major factor which causes the v costs at a given lift is initial 
investment. A statistical comelation analysis of the blained from the 
questionnaires indicates a coefficient of det initial investment 
divided by quantity of water pump that is, only 1.9 percent of the variation 
in the factor intial investment div pumped is attiibudable to  regression on 
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lift. Part  o f  this lack o f  correlation is caused by pumping t ime differences and discharge 
rates, and part  by variations in initial investment. Wells d o  n o t  have identical depths  for thc  
same pumping lifts. Diffcrcnces in pumping d rawdown,  artesian lift, and the  owner 's  
decisions concerning extra  dep th  for insurance against water-lcvel decline can result in a 
large variation in well dep th  and drilling costs. Differences in well diameter can have a 
similar effect  o n  costs. Von  Bernuth's  equat ions  d o  n o t  account  for  these variables directly;  
however, it can be assumed that  on  the  average these differences are accounted for  by the  
regression analysis used. 

A cost calculated for  a single set of  well cl~ar;~ctt .r ist ics can be inttccurate hccause o f  
variations in investment costs and operating condi t ions  f rom farm t o  farm. Th i s  variation is 
shown b y  the  scatter of  costs for pumping water  at  any given lift shown in figure 6. 
Therefore,  it is more  accurate t o  calculate costs fo r  a large number  of  wells and analyze the  
resulting da ta  t o  determine more  representative costs. This  was accomplished statistically by 
calculating regression curves of  calculated costs versus lift. T h e  calculations were made using 
an IBM 3 6 0  Model 4 0  compute r  a t  the  University of  Idaho. Both a linear regression line and 
a second order  curve wcrc calculated for the da ta  ( table  5) .  T h e  coefficients o f  
determination indicatc that  very little of  the  variation in cost  are attr ibutable t o  lift ( 1  1.9 
and 14.4 for  the  line and curve. respectively). It also indicated tha t  the  degree of  
improvement using curvi l inex regression as opposed t o  a straight line regression was n o t  
significant. 

TABLE 5 
RESULTS O F  REGRESSlON ANALYSIS OF CALCULATED 

PUMPING C O S T  A S  A FUNCTION OF L I F T  

(Unit  pumping costs  estimated using questionnaire da ta  
in Von  Bernuth's equat ion No. 4 )  

Description o f  Well Regression Regression 
Data included in Re- T y p e  of Y Coefficient Coefficient Coefficient of  
gression Analysis Analysis In tercept  fo r  Lift ( L )  f o r  ~2 Determination ( r 2 )  

~ . .~ .-~ -- . -. 

Linear $4.51 0 . 0 1 0 8  . ~ 0.1 I 9  - . ~  ~ 

\I\ Data 
Curvi- 
Linear $5.97 -- 0.00405 0 .0002643  0 .144 

Dat.1 for Linear $3.61 0 .0128  - 0.250 
Wells o n  - 
10 Acres Curvi- 
and  More Linear $4 .84  0.000436 0 .0000717  0 .275  

Data  f o r  Wells 
Pumping 500  Linear $1.97 0 .0137  0.82 
Acre-Feet -- -. 

and More 
Annually - -~ - 



I t  was determined f rom ;in iinalysis o f  the data  tha t  the cost  per acre-foot fo r  wells 
used o n  sniall acreages were the  highest values shown in figure 6 .  Regression equat ions ,  b o t h  
linear and curvilinear, w r r e  calculated f o r  da ta  remaining af ter  cost  da ta  lo r  wells o n  
acreages o f  I0 acres and less were eliminated ( tahle  5). T h e  coefficients of determinat ions  
wrre  15 .0  and 27.5 pcrccnt lor  the  linear and curvilinear equat ions ,  respectively. This  was a 
ionsiderahlc improvement lhc,cause data  ib r  only  4 wclls were eliminated. 

It was felt. I i(~wcver.  that t o  kei,p the pumping costs determinat ion coordinated  with 
thi, payment  capai i ly  calcul;ition, i t  was necessary to base the  cost only  o n  wells pumping 
lo r  econorni~~-si7,cil i~ii i ts .  A 150-acl-c f x m  using water  a t  3.5 acrc-(eet pe r  acre requires 5 1 5  
ac rc -kc t  ol' water  lpcr year. Arbitrari ly,  da ta  fo r  wells producing less than 5 0 0  acre-feet per 
ycar were t.xclu1i.d. T h e  linear regres5ion line (fig. 7 )  fur the  data  fo r  the  remaining 97  large 
wclls h;id a cocl l l i ient  o f  determinat ion o f  0 .87:  tliat is 82 jpercent o l  the  variation in 
c a l c i i l i ~ t ~ d  cost was a l t r ibutable  t o  lift fo r  these wdls .  T h e  large degree o f  improvenient in 
IIIC corre1;itioti c o ~ l f i c i e n t  is somewha t  inherent  in the m e t h o d  o f  :lnalysis used because only 
thrcc independent  variables, lift, volume pumped .  m d  initial investtilent arc included in V o n  
Ikrnuth ' s  equat ion No. 4. Restricting o n e  o f  t h e  variablcs. volume pumped  in th is  case. is 
w r t a i n  lo  help thc correlat ion ol thc  o t h e r  variables with respect t o  the  c ;~lcula ted  
~ l ~ ~ p c n d c n l  vari;ihle. cost .  However.  11 is k l t  tliat this  approi%ch i h  reasonable a n d  !necessary 
I c i c  I the  limiting assumption on farni size. T h e  regression line showti in figure 7 is 
I I X , ~  t o  ~ , s t i m a t e  pumping cos ts  as  ;I funct ion o f  l i l ' i  in th is  s tudy.  

Tlic ri.grcssioc ci~et'fii.~ciit o r  \lopi,\ ;ire small fo r  all I,!' the regression lines c;ilcnlated. 
' r ' i~ t a l  C O ~ Z .  thus. d o  not increiksi~ rapidly with list. Since the  \ lopes are little more  than 
w o u l ~ l  he expectcil  clue t o  i~icrcasi.d power  costs. a compensating effect  niirst illso be in 
t'nrce. A coii ipctiuti i ig increase in efficiency with increased lift is helieved t o  exist. This  
increase is obta i l i id  as a result o f  matching t h e  well and p u m p  system t o  the  t r m  a n d  by 
het ter  opera t ing cl'ficiciicy. Farmers  lifting water 5 0 0  feet ;,re more  likely t o  he conscious o f  
the necessity fo r  good design and ell icient  opera t ion than farmers lifting watcr  on ly  5 0  feet .  
:issu~iiing siniilar p;lyment capacities. 
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for particular areas in reports published by tlie U. S. Geological Survey.  USBR. IDWA. 
University of Idaho. and o t h e r  agencies. Thesc  da ta  were developed using various equat ions  
and me thods  fo r  est imating consumpt ive  use. A bulletin published in 1 9 5 1  by Jcnscn and 
('riddle. "tistimateil Irrigation Water Requirements  fo r  Idaho", has been a s tandard  guide 
fo r  cstiniating water requirements  by c rop  and area. These  est imates are based upon  the  
Blancy-Criddle consumpt ive  use equat ion and climatic da ta  fo r  the  area. Researchers a t  the  
University o f  Idaho.  Depar tmen t  o f  Agricultural Engineering, have updated and extended 
t h e  Jensen m d  Criildle hulletin hy providing estimates o f  c rop  watcr  requirement for each 
major agricultural area ( S u t t e r  and Corey,  1970).  T h e  water  requirements  were calculated 
for each c rop  using the  modified BlaneyCriddle  equat ion and climatic da ta  from selected 
loci~l  weather  stations. Consumpt ive  use was calculated fo r  each c rop  fo r  each m o n t h  o f  
rccord a t  each stat ion.  Rainfall dur ing the  growing season was  subtrac ted  f rom consumpt ive  
use t o  give consuniptive irrigation requirements.  T h e  resulting values were then reported in 
terms o f  percenti lrs  fo r  m o n t h s  requiring less than a certain value. t h i s  bulletin provides the  
most comprel~ensivc  source o f  data  o n  irrigation w:tter requirements available and is t h e  
h, ,IM .' for determining irrigation requirements  used in this report .  

DETERMINATION OF WEIGHTED AVERAGE IRRIGATION REQUIREMENT FOR EACH BASIN 

A weighted average irrigation requirement was determined f o r  each ground-water basin 
o n  the  basis o f  the  total  water  usc by ten irrigated crops  in a coun ty  representative o f  t h e  
basin. T h e  total  water  use was calculatctl by summing the  p roduc t  o f  the  numher  o f  acres o f  
cach c rop  grown i n  the coun ty  as  reported in the I 9 6 4  Ccnsus  o f  Agriculture arid the  
corresponding 80 percentile consumpt ive  irrigation requirement o f  the  respective crops  fo r  a 
nearby weather  stat ion ( S u t t e r  and Corey ,  Ic)70). T h e  80 percentile requirement  was chosen 
ra ther  than the  50 percentile value because it is believed tha t  reamnable  pumpiug lifts 
sllould be hased upon an  adequate  wa te r  supply .  T h e  I l l 0  i k . r ~ c l ~ l i I r  value ( t h e  water  
c~ tpac i ty  necessary t o  supply the crop requirements  dur ing t h e  highest water use year  o n  
record)  w i ~ s  iiot used becausc this value is affected by ex t reme  years which d o  not  occur  
Irequcntly.  

Tlic wctglitcti average irrigation requirement  was obta ined by  dividing the to ta l  water  
i iw h y  the c o n ~ h i n e d  acl-cage o f  the  ten crops  in the c o u n t y .  T h e  ten crop5 used in 
tlelermitiing tlie average water  use were the  same ones  as used in determining the  gross 
income ratio for cstiniating payment  capacity. T h e  headgate irrigation rcijiiirerricnt was 
obta ined,  assumirig 6 0  percent field application efficiency, hy divi t l i l i~  tlie wciglited 
consumptive irrigation requiremetit by  60 percent. T h e  field application efficiency used has 
b e e r  found t o  he re;isonahle fo r  carefully applied surface irrigation. lri-igation rcquirements  
f o r  lus lns  wcrc estiiiinted by assuming the  requircmcut t o  be similar to tha t  for the  c o u n t y  
in wliicti the  h;lsin is Iocnted o r  a coun ty  siniilw in cl imate and cropping pattcrii.;. I h c  
wt~ighted average h e x i g i ~ t ~  irrigation rcquircmerit is listed in table 6 fo r  each couiity used in 
t l ~ i s  arinlysis atid i \  i liown by area i l l  figure 8. 

DISCUSSION OF CALCULATED WATER REQUIREMENTS 

T h e  :~ctuitl ni t ter  rcquirernenl is variable from Parm t o  fari-i and f rom ycar t o  yeiir. This  
~a r i a l> i l i t y  r e~ ju i r c \  n~;thing an adrninistr;~tive choice as t o  the  h a t e r  r equ i remc~i t  tha t  can he 
r c x o n a h l y  expcctcd.  ' I h i ~ r e f c ~ r c ,  tlic 80 percentile values were used in o rde r  t o  insure an 



TABLE 6 

SUNhl4P.Y OF CALCUMTION OF REASONABLE PUMPIUG LIFT ESTIMATES 

( 1 )  (21 (31 (41 ( 5 )  (61 ( 7 )  ( 8 )  

County Used i n  Weighted Avo. Reasonable  
B s i n  1)efermining Payment I r r i g a t i o n  l i 'eafher Pa)?nent Pumping L i f t  
Y o . *  l l a s in  hwne P a p e n t  C a p a c i t y  C a p a c i t y  Rcqniremenr S t a t i o n  C a p a c i t y  E s t i m a t e  

$ / A  A-F/A S/,\-F F s t  

1 llarhdrw!i Koofenai  8 2 . 7 3  Cocur d ' h i e n e  2.95 75 
2 I I e i s c r  ,\dams 7 3 . 4 2  Colvrci l  2 .05  0 
3 lc 'eiscr  R i v e r  INashington 25 3 . 4 8  h ' e i s e r  7 . 2 0  380 
4 U.F. P a y e t t c  V a l l e y  8 1 . 9 8  Cascade 4 .05  150 

5 4 0 Garden V a l l e y ,  
S t a n l e y  Bas in  Boise  7 2 . 0 3  Cascade 3 .45  110 

7 P;iyetre Payef tc  1 4  3 . 2 7  h ' e i s c r  4 .30  1 7 0  
8 P a y e t r e  Ger i 2  3 . 5 3  c a l d w e l l  3 . 4 0  
9 

100 
Boise  Canyon 45 3 . 4 5  Caldwe 1 1  1 3 . 0 5  

1 0  
800 

Baisc  hdii 1 5  3 . 4 9  Culdwel l  4.30 170 
l l B r m e n u ,  Ilornedalr, 

bluqhy,  Grand l i e l i  Oliyhec 22 4 .08  Grand View 5 . 4 0  250 
1 2  ? l o w ~ t i i n  lloinc 1:llsore 1 0  3 . 6 0  ?lountnin Home 11 .10  670 

1 5  4 1 1  S n h o n  F a l l s ,  S a i l o r  
~ m c k  'miin i a l i s  2s 2 .87   win ~ a i ~ s  8 .70  

1 5  
500 

Cmus Carnos 6 2.20 F a i r f i e i d  2.75 
1 0  

60 
B i e  \Wood. S i l v e r  
Creek, 1 . i r i l c  lied 
snake P l a i n  
Snake Ploil: 
Snakc i ' l a in  
Snakc P l a i n  
Michiiud F l a t  
Rock Creak-Goose 
Creek ,  l l u f t ,  l lochlsnd 
Yul lcy  
\Inlad, \ rbon,  Curlcw- 

B l a i n e  
Gooding 
L i n c o l n  
Jerolne 
Nin idoka  
Power 

Rupert  

Maiad 
P r e s t o n  
M o n t p e l i e r  

Lower T c t o n ,  INilloW 
Creek 
uppcr  'reton 
hlud Lake 
Bi rch  Cree* 
llig Los i  i l i u c r ,  
L i t t i e  Loif  R i v e r  
C l i a l i i s ,  P d n i m r r a i  
L r d i i  R i v e r  

T e r m  
J e f f e r s o n  
C l a r k  

-Bas in  numbers re fe r  t o  those shown in f i g u r e  8 



IRRIGATION REQUIREMENT BASED UPON: 
A) CONSUMPTIVE IRRIGATION VALUES FROM 

COREY. G.L. AND SUTTER, R. J.; 1970. 
6 )  WEIGHTED FOR ACREAGE OF PRINCIPAL 

CROPS GROWN IN THE AREA. 
C) FIELD APPLICATION EFFICIENCY OF 

60 PERCENT. 

C L E  A R W A S E R  

I D A H O  

FIGURE 8. Weighted average irrigation requirement for gxound-water basins in Idaho 
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adequate supply except on extreme years. 

A potential  source of error is alpparent in deciding which coun ty  average should apply 
t o  which basin. 7'iit. irrigation requirements as calculated are reasonably accurate for  the 
station at  which the data  were collected; however, the station averages d o  n o t  exactly fit 
each county o r  basin. T h e  same problems were encountered here as in transferring the 
calculated gross income ratios fo r  a representative county t o  a basin. T h e  estimates arc good 
when a county contains only the  basin in question. However, a judgment factor is required 
when the  county contains more titan one basin o r  the basin extends  over more than one  
county.  Care was taken t o  ilisurc that  this judgment factor was as sound as possible by 
comparing basin and county elevations, climates, and cropping patterns. 

On an individual farm basis thc  calculated weighted-average irrigation requirement will 
no t  always apply. It is doubtful  that  airy farmer grows the rotation exactly average for  the 
county.  Consequently,  a fanner  growing crops with high water requirements (alfalfa, 
potatoes,  sugar beets) will have a higher averagc ferm water requirement than that  listed for  
the  basin. Such a farmer would be penalized with respect t o  a farmer growing low water 
requirement crops (grain, vegetables). 

I t  is not  possible t o  deno te  a single value o f  rcasonabie pumping lift for  the state 
because of ihe  wide variations in payment  capacities and water requirements. A review of 
Section 42-2373 of the Idaho Code  makes  it apparent that  the Legislature intended for  the  
reasonable pumping lift estimates t o  be ilclcrminetl for  each individual hydrologic 
ground-water basin. 

. . .  h e  r n a j  csiabiish a grourrd-water pumping level o r  lrueis in a n  area or  areas 
llai8ing . uirnrnr~rr ground-wafer a. (pplv  a s  determineii  by him a s  hereinoffer 
~ m r ~ i d e d .  .. 

Areas of common ground-water supply were determined by reviewing reports of 
prcvious hydrologic and geologic studies of ground water in Idaho. Ground-water basin 
boundaries in areas not  previously studied in detail wcrc estimated using geologic and 
topographic maps. Many of the hydrologic ground-watcr basins encompass areas of 
significantly varying elevalions, climates. soii types, crop rotations,  and crop yields. T h e  
reasonable pumping lift thus  changes over the  basin. Section 42-237a o f  the  ldaiio Code,  
quo ted  above, aiiows i o r  the  possibility of setting more tlian one reasonable puniping lift for  
a b,  w n .  : F o r  this s tudy,  botindarics w t x  cietemiincd for  :ireas within ground-water basins 
having similar paynient capacities. This was ncccssarily acconiplislied only o n  a gross scale 
bccause data o n  crop yields are available only on a county-wide basis. T h e  Snake Plain 
ground-water basin is basical'v tin area of co.iiinon ground-water supply,  but changes in 
clcvation. >oil. and otiier 'ac1.ir.s cause tile 17. ynieiit capacity l o  vary considerably from one  
end to  tlic o ther .  Tliereit I-c, tile basin was divided into a number of subhasins and data for  
counties tvnica! of tliesc subh;isiiis werc iiscd t o  dctcrmint: re ~soirable pumping lifts for each 
o f  tllciii. i his procvdwe was riscii t o  subdivide each ba:rr \ ~ i t l ;  areas of obviou;ly varying 
payme!it c.tpa( ~ t i e s .  i t  is n.1 i : c J  thiit within each o f  .lies, subbasins tlic reasonable lift 



varies widely. Tlie process o f  subdivision o f  basins coiild be  carried t o  the  ex ten t  o f  saying 
that  o n e  field has a different rcasonahlc pumping lift than ano the r  field o n  the  same farm. 
S u b d i v i s i o ~ ~  must  be discontinued ;lt some point ,  and it is felt tha t  these subdivisions are  
i ~ d c q u a t e  f o r  tlie present est imates 01' rcaso~iahle  pumping lifts. T h e  administrative basins as  
subdivided are shown in figure 9. 

REASONABLE PUMPING LIFT ESTIMATES 

A reasonable piiynicnt capacity has heen es t imated for each coun ty  having significant 
irrigated acreage: a rc;lsonable es t imate  o f  cos ts  f , r  pumping wa te r  f rom wells lias been 
dctermincd;  and  an  es t imate  o f  t l ~ c  volume o f  wa te r  required t o  grow crops  in each c o u n t y  
lias been made. Uhing these results, an es t imate  o f  t h e  reasonable pumping lift can be made 
for each o f  the  ;~dn~ in i s t r a t ive  ground-water  areas tliilt liave been delineated.  T h e  details  o f  
determining reasonable pumping  lift are shown in table 6. F o r  each administrative basin t h e  
following data  are  l isted:  the  c o u n t y  i ~ s r d  in determining tlic payment  capacity.  tlic 
pilynicnt capacity in dollars per acre. the irrigation requirement .  t h e  paymcnt  capacity in 
dollars pcr acre-foot ( c o l u m r ~  1 divided by column 5 ) .  and the  reasonable pumping lift 
(obta ined from the  pumping cost curve. fig. 7 ,  using t h e  payment  capacity listed in colunin 
7 ). 

Bascd u p o n  the  v i~lues  obta ined in colu~i i i i  8. table 6 ,  seven ranges o f  reasonable 
p u n ~ p i n g  l i f t  I i ; w  been delineated. I I x h  grounii-water basin has been assigned t o  the range 
indicated by t l ~ c  c~t lcula tcd  v a l w  in colunin 8 of table 6. F o r  basins having two  o r  more  
counties,  re;lson;ihle lpunipi~ig lifts are assigned also t o  subareas within the  basins ( t ab le  7 ) .  
T h e  reasonable p u n ~ p i n g  lift r;inges arc shown by areas in figure 9. Care must be exercised in 
applying the  reasonable pumping lift estiniatcs t o  individual Farms o r  areas in any basin. Tlie 
productivity values utilized in determining t h e  p a y m e n t  capacities are coun ty  averages and 
may no t  apply t o  a particular area within a coun ty .  

Tlie wide 'variat ions possible in each of the  fac tors  tha t  d r t e n n i n c  a n  econoniic 
ptiniping lift f o r  ;lii opera t ion niakc it imperative tha t  any estiniatz o f  reasonable puiiipilig 
lift fo r  an area be qualified by the  ;issumptions made in determining it. T h e  reasonahie lift 
v;ilucs shown fo r  c ; ~ c l ~  are;\ (f ig.  0 )  were est iniatcd assuming a 1 5 0  to 700-acre farm growing 
crops  typical 01' the basin with average yields. It was also ass i i~ned illat tlic irrigation 
r c q ~ i r e i n c n t  was not  excessive arid that  thc pumping costs were siniilar t o  those shown in 
tiglire 7 .  As I ~ a s  JICCII  e n l p l l i ~ s i ~ e d  Iliroiiglwut the report .  each o f  tlicsc fac tors  is v;iri;lhlc if a 
s tudy  is a t t e m p t i d  o n  o t h e r  than a gross scale. l ' l ie  reaso~i ;~ble  pumping lift may lhc niucli 
Icss t11;iii that  froni w l ~ i c ! ~  some  irrigators can economically afford t o  punip. A fa r t i~e r  c o ~ i l d  
have ;I 181-fer paynient  cap;icity because o f  a larger Fltrrii s i re ,  lowcr product ion costs. liiglier 
v a l w  crojn .  11~,t tc1 than aver jgc yields. o r  Inore efficient  use o l  water. T h e  same farmer  
c o ~  I I I per  r e  o o t  Sor water t11;ii is i i i d i c a t ~ d  by tlie xiniinistrat ive line i n  
l'igi~rc 7 i l  I is p u m p  systen w re r l ' l~icie~it ly d e \  ncii illid operated. T h e  economic  r n ; ~ x i ~ n u m  
pui~ipiirg , , , t  for  wc l i  ii f:iriii i o ~ ~ l i l  he  sever; I t i~ i ies  greater I jar tile reasonable pumping lift 
shown.  0 1 1  i ' lc  otl icr  I iai~<l.  a l 'ai i ier  with a lc)w payment  cnr t i  hecause o f  a ;mall acreage. 
poor  soil. low \.ilue C ~ I I J ~ S .  helii\'.-averagc nlaliagernent, o r  I igIi piiniping c o . t s  hecause o f  
incffii.iir:t'! ilc\igi?cil ;~ i id  i i p  r n f d  p i impi~ig  s y s t e ~ n s  cannc a1k)rtl t o  lift wtiter iiearly 85 
f i r  a I c t ? ~ . ~ t c d  r e 8  1 L '  1 ~ n i n  i t  rlierefore. i l  I : .  iniportaiil t o  rci~lizc that  the  
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T A B L E  7 

REASONABLE PUMPING LIFT CLASSIFfCATlONS 

Depth Range Basins Included 

No. I (Less than 150 ft.) Ra t l~dr i im Prairie. Upper Weiser River. N.F. Payr t te .  Garden 
Valley. Stanley Basin, C:~inas, Big Wood. Silver Creek. Little 
Wood,  Northwestern Stlake Plain (Lincoln Coun ty ) ,  Malad. 
Arhon.  Ciirlew-Black Pine, Pocatello, Cache,  Bear Lake, 
Upper  l ' c ton ,  Birch Creek. Challis, Pahsimeroi. Lemhi River 
Valleys. 

No. 2 (150-750  i t . )  Payct tc ,  Boise (Ada  County ) ,  Western Snake Plain (Gooding 
C o u n t y ) ,  Por tneuf ,  Gem.  Gentile.  Big and Little Lost River 
Basins, Middle Weiser River. 

No. 3 ( 7 5 0 - 3 5 0  f t . )  Bnrneail. Grand VEW. Homedale.  Murphy,  Mud Lake. 

No. 4 (350-450  f t . )  lower Weiser River. 

No. 5 ( 4 5 0 - 5 5 0  1.1.) Salmon Falls. Sailor Creek. Snake  Plain ( Je rome ,  Madison. 
Bonnevillc. Bingham Counties),  Rock Creck-Goose Creck. 
Raf t ,  Rockland. Willow Creek. Lower Teton.  

No. 6 (550-650  f t . )  Siilike Plain (Minidoka ( 'ounty).  

h o .  7 (C;rc;~ter than 0 5 0  l t . )  Boise (Canyon  County ) ,  Mount ;~in  I iome ,  Micliauti Flat  

rcasonablc pumping lift est imate is not  necessarily reasoiia!~le f o r  all ground-water users in a 
hasin, but it is representative of  econonric-sized tnrrns having reasonably efficient pumping 
\ystclils. 

A l t i ~ n  o f  ~ h c  reasonable pumping l i f t  est imates will require consideration o l  
pumping drawdowns. seasonal water-level clranges. anti wcll construction difference. Each of  
these faclors is variahlc and should he evaluated for  each basin t o  allow effective application 
uf rcasonahle pitinping lift values. 

SUMMARY AND CONCLUSIONS 

l l i e  1ii;ilio ( o d e  cliarges the  Director of the IDWA with the  ndministratiori o f  the  use 
of  t l i i .  water rvsolirccs of the state.  O n e  metliod o f  ground-water administration provided by 
llic code is the I I I .  iiiten;~nce of  reasonable pumping lifts. T h e  purposes of  this s t ~ i d y  are t o  



cvaluate tlic iiictlioils o f  detci.;iiiiii!ig rcasoiiahlc piiiiiping lift5 arid ilesigiiatc v;iIiie~ for each 
ground-water basin iii the  state. Tiic s tudy  is divided in to  four  parts:  de terminat ion o f  
paynieiit capacity,  p i m p i n g  costs. irrigation rcqiiiri:iiiciirs. ;mil groiinti-water adniinistrative 
b. . . dillis. 

Payment  capacities arc  based upon  et:onoiiiiiAly-sjzcd i m i i y  fnrnii  raising crops  
typical l h r  tile basin. I t  is assumed ilia! a irili water s ~ i p p l y  is availabic and necessary, and 
that  t h e  resiiliiiig c rop  yieliis ;ire typical of ttiosc lo be expected o i i  ttic be i tcr  land 

. .  " c ~ i s i f ~ c a t i o n s  in the  Iusiii. I'aymcrit ciipacily cstiinales io r  a w i n h e r  of areas arc available 
From previo~is  stitdies by varioiis govcrnmct?tal agencies. These  es t imates  are adiiisted so that  
thc  rat? of retilrii t o  iiiaiiagemciit (p ro f i t s )  arc similar ii: c a d i  case. I%ayine:it capacities fo r  
basins riot previousiy stiidicd are  esiiinated by inicrpolation f rom tile known payment  
capacities cissiiiiiiiig tli;it ;I relatioiiship exists  betweeii paynient  capacity and tire over-all 
productivity o f  tlic a r m .  

( 'osts  for pciiiiping iri-igntioii w;itcr ;ire est imated using da tz  froin 165 wciis operating i i i  

Iilaiio using 3 itatisticiilly-iierivei? cqua t ion  ( V o n  crniith's equa t ion  No.  4). Because tile 
voluiiie o f  water  pumped  and the initial investiiienl o f t en  have a greater effect  tlran does  lift 
o n  the  unit  pumping costs,  !lit. cost  analysis is Lirniteii to sysieiiis producing atirqtiaie water  
for  cconornicaliy-sizcd iariiis ( 5 0 0  acre-fcct o r  more  annually).  A regression line tha t  can he 
used l'or ;idiiiinistratior~ is c;~lcrilated io r  cos ts  versus lift. T h e  siopc of this line indicates tha t  
water  cos ts  increase $1.37 per i00 foo t  of lift. 

Coiisuiiipiivc irrigatio:i re:jiiiienien?s arc i:ascd u p o n  providing an  adequate  supply 8 0  
pi'rceiit o r  tile years in cai.11 a .  Heiiiigate irrigati:)n requircniciits are then c o n r p i ~ t c d  
assuming 6 0  percent field ciiicieiicy. An  estiii:atr o f  average lieadgate reqiiiremcnt is 
oh ta i i~e i i  by  weighting the average hy the  ncrcagc of tile principal crops  grown in each basin 
in 1964. 

HydroZogi~. ground-water  basins arc dzIini:at!jil and meas  within these basins having 
\iiiiiI;ir rtxisonahlc pumping lifts iioteti. Froni  thc  est iniatrs  o f  payinen! capacity,  cos ts  fo r  
~wriipii ig water.  and irrigation rcqciircriiciii, rcaioiiabie pumping iifts arc c.aiculatcd and 
~ ~ w s c r i t c t i  f o r  each o f  t l i t v  arcas i t ; ihles h aiid 7 end rig. '11. 

Tlic vxiahi i i ty  o f  econoniic pumping liil due  lo Far:tors such as farin s i ie ,  iiiaiiagciiiciit 
ability. I ie i i i l i ty,  cfficicncy o f  watcr iisc. voiiiiiie o f  wztcr pumpcii .  arid i~iiii;ii 
iiivestineiit :?iahcs it necessary to hasc reasonable p i m p i n g  iifts iipoii certain typical o r  
avei;igc 'ictors tor  cacti biisin, Altlioiigl! ;i number  of assi!iriptions are necessary :o limit tlic 
raiige of tlic result. tlie est imates should he r:riiiablc as a giiiiie fo r  administrat ing 
g ~ . ~ ~ i d w : i t e ~ ~  i w , i ~ i \ .  



tiow approaching the  preliminary es t imate  presented in this repor t .  

3 .  Evalu;ite the  outl ined technique of  putrlping level deternii l iat ions with respect 
t o  new methods  and data  being generated by research at Washington S t a t e  
University and t h e  University o f  Idaho.  

4. Develop a program o f  data acquisition t o  improve conlMence in the  est imated 
lit't\. 

a.  ('ollect acciirnte data o n  well characteristics and costs as a pnrf of 
licensing for water  rights. 

h l incourage data-reporting agencies t o  collect da ta  in a manner  tha t  can 
he preseiitcd as  statistical d is t r ihut io~ls .  

5. LFitco~rl-agc studies o f  pumping costs and paynlent  c a p x i t i c s  hy statistical 
~ n e t l ~ o d s  such as used b y  Von Bernuth t o  reduce the  quan t i ty  o f  da ta  collcctioti 
regu il-ed. 

O .  Ini t iate a new s tudy  of reasonable pumping lifts it1 several years including new 
data  2nd me thods  developed in t h e  intermediate period and the  public 
cicccptatice, suggestion\. and general reaction t o  the  present s tudy .  
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